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Price Discrimination in Input Markets:

Quantity Discounts and Private Information*

FABIAN HERWEGT AND DANIEL MULLERi

December 18, 2012

We consider a monopolistic supplier’'s optimal choice of whkale tariffs when
downstream firms are privately informed about their retaistso Under discrim-
inatory pricing, downstream firms that differ in their ex amtistribution of retalil
costs are offered different tariffs. Under uniform pricjrige same wholesale tariff
is offered to all downstream firms. In contrast to the extaetéditure on price dis-
crimination with nonlinear wholesale tariffs, we find that barqdiscriminatory
wholesale contracts often improves welfare. This also hdltlsei manufacturer
IS not an unconstrained monopolist. Moreover, uniform ipgcincreases down-
stream investments in cost reduction in the long run.

JEL classificationD43; L11; L42

Keywords: Asymmetric Information; Input Markets; Quantity DiscosntPrice Discrimination;
Screening; Vertical Contracting

1. INTRODUCTION

Third-degree price discrimination is a widely used bussrasctice in intermediate-good mar-
kets, i.e., manufacturers often apply different condgitmidentical transactions with different
retailers! The pros and cons of this pricing practice have been disdumseng legal and eco-
nomic scholars since the 1930’s and are still debatable. Néhetice discrimination by a large
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Power in Vertically Related Markets (Paris) as well as semaudiences at the University of Toulouse, the
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1In the following, the ternprice discriminationis used exclusively to refer to third-degree price discniation,
i.e., to situations where the manufacturer offers differenolesale tariffs (which may be more complex than
linear tariffs) to its retailers.
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manufacturer represents an abuse of its dominant post@riucial question in many antitrust
decisions on both sides of the Atlantic oc&aMost contributions to the economic literature
on the welfare effects of price discrimination focus on éinesholesale tariffs (Katz, 1987; De-
Graba, 1990; Yoshida, 2000; O’Brien, 2002; Valletti, 20G8jdrst and Valletti, 2009). A com-
mon pricing practice in business-to-business relationgever, are quantity rebate schemes,
which is hardly surprising in the face of the well-known dmarginalization problerf.Re-
garding the welfare effects of price discrimination, th&eex literature that allows for nonlinear
wholesale tariffs—by and large—agrees upon a ban on preidiination being detrimental
for social welfare (O’Brien and Shaffer, 1994; Rey and Tir@@Q7; Inderst and Shaffer, 2009;
Arya and Mittendorf, 2010j.

This clearcut theoretical prediction is at odds with thelggactice in the EU as well as in the
US, where antitrust authorities regard quantity discoasts justifiable pricing strategy of man-
ufacturers as long as they are non-discriminatory. Foamts, in theMichelin | judgment from
1981, the European Commission did not contest the quanbgteescheme itself, but its alleged
discriminatory nature with “comparable amounts purchadeubst never result[ing] in the same
or comparable discount being granted.” (Recital 42 of Comioisdecision 81/969/EEC)n
contrast to the extant theoretical literature, but in linthvthe usual legal practice, we derive
conditions such that banning discriminatory nonlinear l\@bale tariffs is socially desirable.
The novelty of our paper is to allow for privately informedvaustream firms.

We investigate the welfare effects of banning discriminatwmnlinear wholesale tariffs in a
model with two downstream firms that have private informatiegarding their own retail cost,
which is either high or low. Ex ante, downstream firms diffethe distribution of their retalil
cost and this is known by a monopolistic manufacturer. Ifdtdegree price discrimination
is permitted, the manufacturer offers to downstream firnth wifferent distributions of retail
costs a different menu of quantity-transfer pairs. Undefoam pricing, on the other hand, the
same menu is offered to both downstream firms. When decidireheh to accept the man-
ufacturer’s offer, each downstream firm is privately infearabout the realization of its retail

2For an overview of landmark antitrust cases in the EU see®@&shinkel, Giinster, and Carree (2010).

SEmpirical evidence for non-linear contracts being emptbiyevertical relations is presented—for instance—by
Slade (1998) for the Canadian market of gasoline retailimdylay Ferrari and Verboven (2012) for magazine
distribution in Belgium.

4Building on the Rey-Tirole model and assuming that the mactufer competes against a competitive fringe,
Caprice (2006) shows that a ban on price discriminationddadan increase in welfare if the fringe is suffi-
ciently efficient.

SLikewise, in theEuropean sugar industrglecision from 1973, the Commission ruled that “the grantihg
rebate which does not depend on the amount bought [...] isnarstifiable discrimination [...].” (Recital
II-E-1 of Commission decision 73/109/EC) Other decisiardude the Eurofix—Bauco/Hilti case, where the
commission objected that the reduction of discounts wasimiad primarily to any objective criteria such as
quantity. (Commission decision 88/138/EEC)

5We are not the first to consider privately informed downstréiams in a model of vertical relations. While other
models of vertical relations, e.g., Rey and Tirole (1988Ylajumdar and Shaffer (2012), allow for downstream
firms having private information regarding their stochasgitail cost, these papers do not discuss third-degree
price discrimination. Price discrimination with privatehformed buyers is also analyzed by Bang, Kim, and
Yoon (2011). They, however, neither analyze the welfarectf of a ban on price discrimination nor do they
consider nonlinear tariffs.
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cost. Thus, the manufacturer offers nonlinear tariffs mdy ¢o reduce double marginalization
but also to screen downstream firms according to retail effagy.

We consider a model with two downstream firms, each of whichesean independent mar-
ket. The quantities procured by low-cost retailers turn toube independent of the pricing
regime because under both regimes there is no distortidmeabp. The quantities procured
by high-cost retailers, on the other hand, are distortednsiavd and the magnitude of this
distortion depends on the pricing regime. Under price digaation, the high-cost type of the
ex ante more efficient firm—more likely to be a low cost produeprocures a lower quan-
tity than the high-cost type of the ex ante less efficient filthe quantity procured by ex post
high-cost retailers under uniform pricing is bracketed hg juantities assigned to high-cost
retailers under price discrimination. Therefore, in expgons, banning price discrimination
harms the market which is served by the ex ante less efficient Whereas the other market,
which is served by the ex ante more efficient firm, benefits. Dubese opposing effects, gen-
eral welfare results are hard to obtain. Nevertheless, we shat uniform pricing is optimal
from a welfare point of view as long as price discriminatiared not lead to an expansion of
(expected) total output. For the case of linear demand aowlged that all markets are being
served under either pricing regime, price discriminatioesinot lead to an expansion of total
output and thus is detrimental for welfare. This outputeriin is known from the literature
analyzing third-degree price discrimination in final-goodrkets with linear tariffs and without
asymmetric information (Schmalensee, 1981For the case of homogeneous Cournot com-
petition downstream, Schmalensee’s observation, togetltle the fact that the less efficient
downstream firm receives a discount under price discringnatirectly implies that banning
price discrimination in input markets improves welfare iiolesale contracts are linear (Katz,
1987; DeGraba, 1996).

In our model, it can be optimal for the manufacturer not tovsex high-cost retailer in or-
der to cut back on information rents. In consequence, if tlegame probability of high-cost
production is low but the ex ante less efficient firm is nevadhs quite likely to produce at
high cost, then high-cost production takes place only updee discrimination and only in the
ex ante less efficient market. Here, price discriminati@u$eto more markets being served in
expectations and unambiguously improves welfare. Thisrfqncesembles the classic Chicago
school argument in favor of price discrimination (Bork, 1278

By allowing downstream firms to invest in process innovatibeGraba (1990) identifies
another channel through which uniform pricing can improwdfare. By extending our model
to a long-run analysis in the spirit of DeGraba (1990), wewshiwat if downstream firms can

A series of articles elaborates on Schmalensee’s insigbtVarian (1985), Schwartz (1990), Malueg (1993),
Aguirre, Cowan, and Vickers (2010).

8As shown by Yoshida (2000), if firms differ in their efficienty transform the input into the final good, an
increase in total output is a sufficient condition for pri¢gcdimination to reduce welfare.

9That price discrimination can lead to more (input) markei® served is also shown by Herweg and Miiller
(2012) for linear wholesale tariffs.
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invest in the (expected) efficiency of production, uniforncimg results in higher investment
incentives, thereby potentially leading to overall higheifare. This conjecture is confirmed
for the case of linear demand downstream.

A widespread assumption in the literature on price diseration in input markets is that the
manufacturer is an unconstrained monopolist who can madeeitar-leave it offers to its re-
tailers. Two exceptions are Inderst and Valletti (2009) @18rien (2002), both of whom focus
on linear wholesale contracts. In Inderst and Valletti @0the manufacturer is constrained
by the threat of demand-side substitution. O’Brien (2003ua®es that wholesale prices are
determined by bilateral negotiations between the manurfactand downstream firms. Both
contributions show that relaxing the assumption of an ustamed monopolistic manufac-
turer can give rise to circumstances where the welfare captins of price discrimination are
reversed. In order to show robustness of our findings wedntre upstream competition in a
similar vein to Inderst and Valletti (2009). Focusing on tlases where the retailers procure the
inputs from the manufacturer in equilibrium, we show thatriag price discrimination often
improves welfare even in the presence of an alternativeceoof supply. While outside the
scope of our paper, an important concern of antitrust ailideris whether price discrimination
is used by manufacturers in order to exclude potential sivgistream, so called primary-line
injuries. How a manufacturer can use discriminatory tsuiiifif order to exclude a rival is at the
heart of the analysis of Giardino-Karlinger and Motta (201#ho consider a model with net-
work effects and inelastic demand. In our model, in contithgtre are no network effects and
demand is elastic, which implies that double marginalorais an issue.

The article closest related to this paper is Inderst andf&hgf009), who assume that the
manufacturer offers observable two-part tariffs to thaitets. Focusing on asymmetric down-
stream firms, discriminatory contracts are shown to amplifierences in downstream firms’
competitiveness. A ban on price discrimination tends teeaill final-good prices and thus to
reduce total output. In consequence, banning price diguaition reduces consumer surplus
and welfare. Similarly, Arya and Mittendorf (2010) show anb@n discriminatory two-part
tariffs to be always welfare harming when downstream firnesesymmetric in the sense that
one operates in multiple markets while the other downstré@amis active only in a single
market. While in Inderst and Shaffer (2009) as well as in Anyd Blittendorf (2010) the man-
ufacturer is perfectly informed about the downstream firasymmetries this is not the case in
our model. We show that introducing asymmetric informatan turn these previous welfare
findings upside down.

Due to our focus on separate markets, it is of no relevancarfandividual retailer whether
he knows the supply conditions of the other retailers. lhitets operate in the same market,
on the other hand, a crucial modeling assumption is whe#tail@rs can observe their rivals
contracts. If contracts are unobservable, the manufactaces a commitment problem when
price discrimination is permitted and the outcome optimaiT the integrated structure’s point
of view cannot be obtained. Uniform pricing restores the afiacturer's commitment power
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which implies that banning price discrimination reducedfave—cf. Rey and Tirole (2007).
This commitment issue—which first was raised by Hart andl&i{®990), O’Brien and Shaffer
(1992, 1994), and McAfee and Schwartz (1994)—is completbient in our analysis.

With downstream firms operating in separate markets thetignesf the policy relevance of
our findings is immediately at hand because both Art. 102F0 as well as the Robinson-
Patman Act consider discriminatory pricing as an abuse aaigiant position only if a down-
stream firm is placed at a competitive disadvantdgéevertheless, the European Commission
and the Community courts have largely applied Art. 102(c) UR& manufacturers’ pricing
practices which have little to do with putting their retafleat a competitive disadvantage—
most notably to ban geographic price discrimination acroember states (Geradin and Petit,
2005). Fighting geographic price discrimination is of higlevance for competition policy in
the EU. As stated in Art. 18 TFEU, one of the most basic prilesipf the Treaty of the EU is the
avoidance of discrimination based on national grounds.|di&mark case on geographic price
discrimination is United Brands (Commission decision 76/BEX). United Brands Company
(UBC) sold bananas to distributors/ripeners from various ldenstates at significantly differ-
ent prices, with the prices charged from Danish distrigitxceeding the prices charged from
Irish distributors by 138%. According to the Commission UBQiging practice constituted an
abuse of its dominant position. Similarly, Tetra Pak, onéhefworld’s leading companies for
the packaging of liquids in cartons, charged consideraiffigrént prices across Member States
(Tetra Pak Il, Commission decision 92/163/EEC). The Commisaial the CFI concluded that
Tetra Pak’s business strategy was an abuse of its dominaitigmoand an infringement of Art.
102(c) TFEU'!

The rest of the paper is organized as follows. In Section Anweduce our basic model with
a monopolistic input supplier. This model is analyzed int®&c3. In Section 4, we conduct
a long-run analysis by allowing downstream firms to invesa ireduction of production cost
before contracting takes place. After considering a coiotirs type distribution for downstream
firms in Section 5, Section 6 augments the basic model by asguimat the manufacturer is
constrained by the threat of demand-side substitution. ¥velade in Section 7. All proofs
of Sections 3-5 are relegated to the Appendix A, while theefulix B provides additional
material to Section 6.

01n the US the standard of proof for competitive harm is retyi low. According to the commonly applied
Morton Salt rule the existence of a substantial price diffice for a substantial period of time is sufficient;
actual proof of retailers competing for the same custonsen®i required. (FTC v. Morton Salt Co., 334 U.S.
37) In the recent Volvo case, however, the Supreme Courhifitst time required actual proof of retailers
competing for the same customers in order to establish ctitmpénarm, thereby overruling the decision of a
lower court. (Molvo Trucks North America, Inc. v. Reeder8b GMC, Inc. (04-905), 546 U.S. 164, 2006).
For a more elaborate discussion of this point see Luchs,@@gypukes, and Srinivasan (2010).

1Sometimes cases of geographic price discrimination acecalssidered as an infringement of Art. 101.1 TFEU.
Notable examples are Glaxo Wellcome (Commission decis@filZ91/EC) in the pharmaceutical industry
and Souris/Topps (Commission decision COMP/C-3/37.98€he toy industry.
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2. THE MODEL

Consider a vertically related industry where the upstreamketas monopolized by manufac-
turer M. The manufacturer produces an essential input that is maftplthe downstream sector.
For simplicity, we assume that the manufacturer producestify ¢ at constant marginal cost,
K > 0. There are two downstream firmsge {1, 2}, that can transform one unit of the input
into one unit of the final good.

We assume that downstream firms operate in separate anceimdist markets, i.e., each
downstream firm is a local monopoli€tDownstream markets are identical in size and charac-
terized by the inverse demand functi®tq), which is strictly decreasing, twice differentiable
whereP > 0, and satisfies the assumptidf’(¢) < min{0, —¢P"(q)} whereP > 0.1

Downstream firm produces at constant marginal cost and without fixed cosis.nfarginal
cost of production is either high or low, € {c;,cy} with0 < ¢, < ¢y < P(0) — K. The last
inequality guarantees that the joint-surplus maximizingmgity of a vertically integrated firm
is strictly positive.

A downstream firm’s type—i.e., its marginal cost of prodanti—is private information. The
manufacturer only knows the probability, with which downstream firm produces at low
marginal cost. Ex ante firm 1 is more likely to produce at lowgnaal cost than firm 2, i.e.,
0<as<a; <1t

The manufacturer can make take-it-or-leave-it offers ® dlownstream firms, where the
wholesale tariff offered to downstream firitakes the form of a list of quantity-transfer com-
binations. With only two ex post types, the manufacturemcaenefit from specifying more
than two items per list. So the tariff offered to firiis I'; = ((qr:,tr:), (¢mi, twi)), Specifying
a quantityg € R, and a transfer from firmi to the manufacturer, € R, for each feasible
cost typet® We assume free disposal, i.e., when having purchased guahtf the input,

2Wwith downstream firms operating in independent markets aadlehis equivalent to a model where the man-
ufacturer sells directly to final consumers. We frame it asn@ot market setting because, on the one hand,
non-discrimination laws are typically applicable to catis between firms at different nodes of a supply chain,
and, on the other hand, nonlinear contracts are common indsssto-business relations.

13This assumption is weaker than the standard assumpti@n < min{0, —qP"(¢)}, which is typically imposed
for the case of Cournot competition downstream (Vives, 188®erst and Valletti, 2009).

40Our model can also be interpreted as a model of demand uimtgrnere each downstream firm produces with
constant marginal cost,. With probability«; downstream firm faces high demané(q), otherwise it faces
low demandP(q) = max{P(q) — (ca — cr),0}.

5This simple form of tariffs is indeed optimal under priceatimination. Under uniform pricing, on the other
hand, the manufacturer benefits from offering a direct meisha which specifies quantity-transfer pairs de-
pending on both firms’ type announcements. Such a direct amésim would implement the same allocation
as an indirect mechanism with pre-contracting commurdcatRegarding indirect mechanisms, qualitatively
similar results can be obtained when the manufacturerso#feéhree-part tariff to each downstream firm:

L; + wiq forg < g

Li(q) = .
Li 4 ;q; + wi(q; —q) forq > g;

As we show in the Appendix B, for linear demand the quantpiesxured under the optimal three-part tariffs
are exactly the same as the quantities optimally specifietienquantity-transfer lists we consider, which
implies that the welfare findings are also identical.
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downstream firm can produce any quantitye [0, ¢'| of the final output at costq.

The sequence of events is as follows: first, nature drawsdbketgpe for each downstream
firm ¢ € {1,2}, which thereafter is privately observed by the respectioergtream firm.
Next, the manufacturer makes a take-it-or-leave-it ofbeeach downstream firm. Under price
discrimination the manufacturer offers each downstreamdipossibly different tariff, whereas
under uniform pricing one and the same tariff applies to lfioths. A downstream firm either
chooses one of the two offered quantity-transfer pairs jécts the manufacturer’s offer. In
case of rejection, the downstream firm obtains its resemwgtrofit, which is normalized to
zero. If the downstream firm accepts a quantity-transfargai), it decides how much of this
acquired input to transform into the final good, and sellspiteeluced output to consumers.

With the set of ex post types (potential ex post profits) bédemtical for both downstream
firms in our model, the quantity discounts offered by the nfiacturer under uniform pricing
are available to both firms ex ante and in this sense pragteadilable. If the firms’ type spaces
are different, say because one firm operates in a significeamjer market than the other firm,
then the quantities assigned to the firm operating in theslargrket might never be attractive
to the firm operating in the small market. If this is the cake,rhanufacturer can use a quantity
rebate scheme in order to implement third-degree priceidiggation indirectly. This is not
feasible in our model, which therefore provides a clean ammspn of a situation where price
discrimination is permitted to a situation where price dietmation is not only forbidden but
also not feasible indirectly via sophisticated quantityate schemes.

3. THE ANALYSIS

Letg*(c) = argmax,>o{(P(q) —c)q} denote the quantity optimally produced by a downstream
firm that operates at marginal castlt is readily verified that*(-) is strictly decreasing im.
Due to free disposal, downstream fiffa maximum profit when faced with quantity-transfer
tuple (¢, t) isw(q, ¢;) — t, where

7(q, ;) = [P(min{q, ¢"(¢:)}) — ;] min{q, ¢"(c) }- 1)
Thus, downstream firriis gross profitr(q, ¢;) is strictly increasing and strictly concavegron
[0,¢*(c;)) and constant fof > ¢*(¢;). Moreover,r(q, ¢;) satisfies the following single-crossing
property:
Lemma 1. A low-cost downstream firm benefits more from an increase in ubetdy of the
input than a high-cost downstream firm: for alk< ¢’ < ¢” < ¢*(¢y) it holds that

7T(q//7 CL) - ﬂ-(q/? CL) > ﬂ-(q”a CH) - 7T<q/7 CH)-

Furthermore, lety’9(c) = argmax,>o{(P(q) — ¢)q — Kq} denote the optimal quantity
produced by a vertically integrated structure comprisifiine manufacturer and a downstream
firm with marginal cost.
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3.1. Optimal Wholesale Tariffs

Discriminatory offers.—# not restricted to offering the same wholesale tariffs tihbdown-
stream firms, the manufacturer solves two independent mziion problems. When con-
tracting with a downstream firm that produces at low costh wibbability«, the manufacturer
offers a wholesale tariff' = ((¢q.,t.), (qu,tx)) in order to maximize expected upstream prof-
its,

afty — Kqp) + (1 — o)ty — Kqg) , (2)

subject tal" being incentive compatible and individually rational,

m(qr,c) —tr > w(qm,cL) —to , (ICr)
m(qu,cu) —tn > 7(qr, cu) —to, (ICx)
w(qr,cL) —tp >0, (IRy)
m(qm, cr) —tw > 0. (IRg)

As usual, incentive compatibility requires that the lowsttype obtains a higher quantity than
the high-cost typegy < ¢.. Moreover, due to free disposal in the optimum we must have
qun < ¢*(cy) andqr, < ¢*(cr). Thus, the optimal contract satisfies the following monatity
constraint:

qu < minf{qr, ¢"(cy)} < max{qr, ¢ (cu)} < ¢"(cp). (MON)

By standard arguments, the transfefsandt;, are uniquely determined by the two binding con-
straints, (IRy) and (IG). Hence, the manufacturer chooses quantitieandqy to maximize

HD(QL, QH) = « {[P(QL) - CL]C]L - CIH(CH - CL) - KQL}
+ (1 —a){[P(qu) — culagn — Kqu} (3)

subject to the monotonicity requirement (MON). Define

= ];((?) :Z’Z:g € (0,1), (4)

Proposition 1. Under discriminatory wholesale tariffs, a low-cost firm olpithe joint sur-
plus maximizing quantity;? = ¢’°(cr), whereas the quantity assigned to a high-cost firm is
distorted downwards. If a firm is very likely to produce at lovstsooe > &, then the quantity
assigned to its high-cost type equals zerav K &, theng? (o) > 0 is defined by

P(qy(a)) = e + P'(qg(@))ag (o) = K + (cn —cr). ()

11—«
Intuitively, as the probability of dealing with a low-cosbwinstream firm becomes smaller,
the manufacturer chooses the quantity offered to the hightype closer to the joint-surplus
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maximizing quantity;’*(cy). If, on the other hand, the probability of contracting withowa-
cost downstream firm is sufficiently high, the manufacturefgrs to offer a zero quantity to the
high-cost type. This eliminates information rents and mmtallows the manufacturer to extract
all the surplus from the interaction with a low-cost type.ofvtcost firm is always assigned the
joint-surplus maximizing quantity, which is the well-knowo distortion at the top result. It is
worthwhile to point out that if the difference in possibleaié costs is not too high, both cost
types are rather likely to be served by the manufacturer.

Uniform pricing.—The requirement that both downstream firms have to be offisedame
tariff, i.e.,, I'y = I'y, leaves the incentive compatibility and individual ratdity constraints
unchanged. The manufacturer chooses quantitiedgy in order to maximize

HU(QL, qn) = ax{[P(qr) — crlar — qulcw —cr) — Kqr}
+ (2 —as) {[P(gn) — culan — Kqu}, (6)

whereas, := a7 + a». In order to characterize the optimal tariff under uniforncmg, let
dl(a2) =20 — 9 (7)

denote the value af; that, for a given value af,, results in an average probability of contract-
ing with a low-cost firm equal to.

Proposition 2. Under a uniform wholesale tariff, a low-cost firm obtains thejeurplus max-
imizing quantityq? = ¢’9(cz), whereas the quantity assigned to a high-cost firm is distorte
downwards. If the average probability of both downstream firmmproduce at low costs is
relatively high,a; > &;(as), then the quantity assigned to a high-cost type equals zéro.
a1 < &1(as), theng% (as) > 0 is defined by

(1/2/2

P(qg(az)) —cg + P’(qg(az))q%(az) =K+ m

(CH - CL)- (8)

Comparison of pricing regimes.Fhe degree of the downward distortion in a high-cost type’s
guantity is determined by the respective firm’s individuadlgability of producing at low cost
under price discrimination and by the average probabilitgantracting with a low-cost firm
under uniform pricing. The following lemma orders the diéfiet quantities assigned to high-
cost types.

Lemma 2. The quantity offered to high-cost firms under uniform puicia bracketed by the
guantities offered to the high-cost firms under price disnation:

a5 (1) < qias) < qplas) < ¢”(cn). 9
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3.2. Wdlfare

We now turn to the welfare implications of banning price disenation. Welfare under pricing
regimer € {D, U}, which is stochastic ex ante, is defined as the sum of consamegeroducer
surplusW" = Zle{foqir P(z)dz—(¢;+K)q!'}. Letthe difference in expected welfare between
the discriminatory pricing regime and the uniform priciegime beAW := E[W ] - E[WY].

To delineate the importance of asymmetric information, we tionsider a benchmark case
with symmetric information.

Proposition 3. Suppose downstream firm 1 produces at low costs with certainty, 1, and
downstream firm 2 produces at high cost with certainty,= 0. Then, permitting price dis-
crimination improves welfare, i.eAW > 0.

With symmetric information, if price discrimination is eWed, it is optimal for the manu-
facturer to offer each downstream firm the joint surplus mmzing quantity—irrespective of
its cost type—and to fully extract downstream profits via tt@asfer. Under uniform pricing
this is not optimal and the manufacturer faces a meteringleno similar to the screening prob-
lem under asymmetric information. The efficient firm 1 obsaiihe joint surplus maximizing
gquantity but the quantity assigned to the less efficient finsidistorted downwards. With even
the joint-surplus maximizing quantities being too low fr@enwelfare perspective it is readily
obtained that banning price discrimination is strictly fae¢ harmingt®

Under asymmetric informatioA11 depends only on the quantities produced by high-cost
retailers because there is no distortion at the top undegereiegime. Formally,

AW = AW(OQ, 062)

q% (o1 +az)

2 qB ()
=Y (1-a) [/ P(2)dz — (e + K)(q7(0i) — g (a1 + a2))| . (10)
=1
Thus, we can distinguish the following four cases, as degiat Figure 1:

(I) If both downstream firms are relatively unlikely to pramuat low costsqs < a1 < @&,
then high-cost production takes place in both markets uadleer pricing regime, i.e.,

0 < gp(en) < qlax) < gi(az).

(1) If firm 1 is relatively likely and firm 2 is relatively unkely to produce at low costs,
ay < & < a1 < &1(ay), then high-cost production takes place in both markets unde
uniform pricing, while under price discrimination highstgroduction takes place only
in market 2,i.e.0 = ¢2 (1) < ¢%(ax) < ¢5(ay).

18An alternative benchmark with symmetric information is fblbowing: downstream firms’ costs are stochastic
but contracting takes place ex ante before the cost typesealieed. Under price discrimination both firms
sell the joint surplus maximizing quantities irrespectifehe realized cost type. Under uniform pricing the
manufacturer again faces a metering problem. As a consegquba quantities sold by high-cost downstream
firms are distorted downward and banning price discrimamtagain, is detrimental for welfare.
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(1ny If firm 1 is very likely and firm 2 is relatively unlikely fut not too unlikely) to produce
at low costspy < & < éq(a2) < aq, then high-cost production takes place only under
price discrimination and only in market 2, i.6.= ¢5(a1) = ¢%(as) < ¢5(as).

(IV) If both firms are relatively likely to produce at low cestv < a, < ay, then high-cost
production does not take place under either pricing regime() = ¢5(ay) = ¢4 (ax) =

qg(%)-

@] = ag

AW =0
1]

AW <0

: aq(az) T a(a)

& 1 az & 1 2

Figure 1: Welfare comparison. Figure 2: Linear demand.

In case (IV), with the manufacturer never serving a hight-dasvnstream firm irrespective of
the pricing regime, we havAll/ = 0. Therefore, in what follows, we focus on the interesting
cases (1) - (1.

Before characterizing the welfare consequences of banmiog giscrimination it is worth-
while to point out how the different parties are affectedlug policy. Clearly, the manufacturer
is harmed if price discrimination is banned. Moreover, ip@stations, consumers in market 1
benefit while consumers in market 2 are harmed. Finally, ti@tea downstream firm’s ex ante
expected profit is equal to its expected information renictvirs increasing in the quantity as-
signed to its high-cost type. Therefore, from an ex antegeats/e, downstream firm 1 benefits
while downstream firm 2 is harmed by a ban on price discrinonat

In order to state the main finding of this section, define theeeted change in quantity as
AQ = E[QP] — E[QY], with Q" denoting the aggregate quantity of the final good.

Proposition 4. Suppose that high-cost production takes place at least ikeh& under price
discrimination, i.e.qvy < A.
() If high-cost production takes place under uniform pmnigj«; < &;(as), then permitting
price discrimination harms welfare whenever it does not lead tstrict expansion in
expected total output, i.eAQ <0 — AW < 0.
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(i) If high-cost production takes place only under pricsdimination,a; > &;(ay), then
permitting price discrimination improves welfare, i.A|V > 0.

In case (lll)—part (ii) of Proposition 4—to cut back on infoation rentsM assigns a zero
quantity to the high-cost type of firm 1 under price discriation and to high-cost downstream
firms in general under uniform pricing. Thus, price discnation leads to more markets being
served (in expectation), thereby benefiting welfare in thieitsof the classic Chicago school
argument against non-discrimination clauses.

In cases (1) and (Il)—part (i) of Proposition 4—it is not cteahich pricing regime results
in higher expected welfare due to opposing effects. In tise ad high-cost production, the
guantity sold in market 2 is lower whereas the quantity solsharket 1 is higher under uniform
pricing than under price discrimination—market 1 is notreserved under price discrimination
in case (I1). Even though a general welfare result cannotdsevetl in these cases, we can
establish a sufficient condition—resembling Schmaleiss€E981) output test—for uniform
pricing to improve welfare: if price discrimination doestriead to an expansion of expected
total output, expected welfare decreases if price disc@atn is permitted’

The above discussion leads us to conjecture that banniog giscrimination can be welfare
enhancing, which is further supported by analyzing cagen(inore detail.

Corollary 1. If high-cost production takes place under uniform pricing bnly in market 2
under price discriminationg < a; < &;(az), then permitting price discrimination becomes
more likely to be welfare harming as firm 1 becomes more likelyet a high-cost type, i.e.,
dAW /day > 0.

Corollary 1 suggests that banning price discrimination aaitch from being welfare harm-
ing to being welfare enhancing as the probability of firm 1 éothe low-cost type decreases.
We will show below that this conjecture holds true for a lindamand function.

Even if price discrimination is legally banned, one miglguws that in practice the manufac-
turer might get away with discriminatory wholesale tardfs long as none of the downstream
firms files a complaint. First of all, note that high-cost typebtain their reservation profits
independent of the pricing regime. Moreover, as we haveeatgibove, in the case of low-cost
production downstream firm 1 would benefit from the enforceinté the nondiscrimination
clause whereas downstream firm 2 would suffer. Therefoeegddwnstream firm brings a case,
then it must be the low-cost type of firm 1. In case of a compl&dowever, the enforcement of
the nondiscrimination clause is welfare neutral at bestieathe quantity in low-cost markets
Is unaffected, the quantity in market 2 in case of high-costlpction is reduced, which harms

In analogy to Varian (1985), we can establish also a lowentdaegarding the change in expected welfare:
AW > S22 (1 — a)[P(¢R(as)) — (e + K)] (g5 (i) — ¢%(ax)). Animmediate implication is that price
discrimination improves welfare if (from the perspectifeaosertically integrated firm) the profitability of the
output under price discrimination exceeds the profitgbdit the output under uniform pricingalued at the
discriminatory prices
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welfare. As we will argue in Section 5, this rather negatibsearvation is an artifact of the
two-type case.

3.3. An Application with Linear Demand

Suppose demand is linedf(q) = max{0,1 — ¢}, and assume tha}; + K < 1. In this case,

q¢’%(cm) = =45, g (@) = max{0, ¢’ (cu) — 125 54}, andgf (as) = max{0, ¢’ (cx) -

-«

%%}. Letting o' (a) be implicitly defined byAW (a}" (as), az) = 0, tedious but

straightforward calculations yield the following result.

Proposition 5. Suppose that high-cost production takes place at least k@& under price
discrimination, i.e.qxy; < &. Then, permitting price discrimination harms welfare if aoy if
firm 1 is likely to produce at high cost, i.&\W < 0 <= a; < ol (ay).

Proposition 5 is illustrated in Figure 2. If the antitrustfaarity need not be overly concerned
about the possibility of one or the other market not beingestunder either pricing regime (for
& large), then—at least for linear demand—banning pricergiisoation is socially desirable.
The area where both markets are served irrespective of itiagregime is quite large if the
difference in retail costs between a high-cost and a low-fios is relatively low. Hence, if
differences in ex post retail costs are not overly large atfteidemand function is sufficiently
linear in the relevant range of prices, banning price dmsicration—the usual legal practice in
the EU—improves welfare.

The finding that banning price discrimination often is wedfamproving is in contrast to
findings in the extant literature on third-degree price gismation under nonlinear wholesale
tariffs. Inderst and Shaffer (2009), for instance, consaenanufacturer who is perfectly in-
formed about the retail costs of two asymmetric downstreamsfi For the case of separate
markets—Proposition 6 of Inderst and Shaffer—they show llaaning price discrimination
unambiguously reduces welfare, which parallels our symmetformation benchmark (cf.
Proposition 3). With symmetric information price discrimation allows the manufacturer to
achieve the vertically integrated outcome, which can besiclened as a second best. This
second-best outcome is not achieved under uniform prigihgye the quantity procured by the
inefficient firm is distorted downward due to the additiomadentive constraint. With asymmet-
ric information, in contrast, the manufacturer is consiedi by incentive compatibility under
either pricing regime. As a result, the quantities procurgdhigh-cost downstream firms are
distorted downwards under both pricing regimes. In generalunclear which pricing regime
leads to the larger average distortion. Proposition 5 stibatsthe average distortion is higher
under price discrimination than under uniform pricing ifand is linear, leading to a ban on
price discrimination being welfare improving. Put diffatly, our finding shows that the strong
welfare result of Inderst and Shaffer does not carry ovelnéacase of asymmetric information.

Finally, the welfare assessment in Proposition 5 allowsousddress the usefulness of the
output test proposed in Proposition 4(i). Remember thatdhiput test embodies a sufficient
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condition for price discrimination to be welfare harmindn€lrelevant question to ask therefore
Is for what part of the dark-gray shaded area in Figure 2 tpeeed overall quantity is weakly
smaller under price discrimination than under uniform ipgc When all markets are always
served, case (l), theA@ = 0 and we can conclude that a ban on price discrimination is
welfare improving. In case (Il), when the high-cost type oimfil is not served under price
discrimination, price discrimination always leads to apansion of expected aggregate output.
Thus, in case (ll), the output test does not help to specifighvpricing regime is superior from

a welfare point of view.

4. LONG-RUN ANALYSIS

For linear wholesale prices, DeGraba (1990) pointed outtadu channel through which dif-
ferences in the pricing regimes can translate into diffeesnn welfare: with the more efficient
downstream firm being discriminated against, price disicration leads to lower incentives for
downstream firms to invest in a more efficient retail techggldhereby harming welfare not
only in the short run but also in the long run. In this sectiwa show that a ban on price discrim-
ination increases downstream firms’ incentives to invesist reduction also when nonlinear
wholesale contracts are in place.

Specifically, suppose that initially both downstream firmsdguce at high cost with certainty.
At some preliminary stage, before the manufacturer makes its offers, both downstifgams
can simultaneously invest in R&D. If the research of a dovaastr firm is successful, this
downstream firm produces at low cegt otherwise, this downstream firm continues to operate
at high costy. If a downstream firm incurs investment cagtv), its research is successful with
probability o € [0, 1], wherey)(0) = ¢'(0) = 0 andy”(-) > 0. Thus, in a sensey reflects a
downstream firm’s research intensity. The investment in R&DBliserved by the manufacturer.
Whether the research was successful, however, is privatemation of each downstream firm.
We focus on symmetric equilibria in pure strategiesn order to obtain a clear-cut finding with
respect to the difference in investment incentives undetwlo pricing regimes, we impose the
following

Assumption 1. Downstream marginal revenue is concade?’(q) + ¢P"(¢) < 0, whenever
P>0.

Investment IncentivesRemember that transfers charged by the manufacturer areginn
down by (IRy) and (IG,). Given R&D intensitiesy; and o, downstream firm’s expected
profit at the investment stage under pricing regime{D, U} is

mo(i) = ai(en — cr)qy (s, Oéj) — (), (11)

18For the case of zero investment casty;) = 0, we focus on symmetric equilibria in undominated strategie
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whereg;, (a;, ;) denotes the quantity offered to firiis high-cost type under pricing regime
Taking the derivative of (11) with respect4g yields the following first-order condition:

Oy (i, )

da, = ' (). (12)

qp (i, o) (cq —cp) + ai(cq — cr)

On the one hand, a higher investment makes it more likelyttieedlownstream firm produces
at low costs, and thus obtains a positive information remt.tl@ other hand, the information
rent decreases in a downstream firm’s investment, becaespitintity assigned to a high-cost
firm is decreasing in the investment level. Under price dhsicration the expected informa-
tion rent of firm: depends only on its own investment level, whereas undepumipricing
it depends on the average investment level of both firms. ,Tihesmanufacturer reacts more
strongly to an increased investment of fifm-and cuts back this firm’s information rent more
severely—under price discrimination than under uniformeipg. In consequence, permitting
discriminatory wholesale contracts stifles downstreamdfiincentives to invest in a reduction
of their production costs

Proposition 6. Suppose that Assumption 1 holds, so that downstream margwetiue is con-
cave. Then, a downstream firm’s investment into cost reduigibigher under uniform pricing
than under price discrimination, i.e), < a” < aV.

Welfare.—With investment incentives being higher under uniform ipgcthan under price
discrimination, it seems likely that in the long run bannprge discrimination is socially ben-
eficial. The next finding establishes this conjecture forecdjration with linear demand.

Proposition 7. Suppose that demand is linear and there are no investmety, ées, P(q) =
max{l — ¢,0} andy(a) = 0 for all a € [0, 1]. Then, in the long run, welfare is higher under
uniform pricing than under price discrimination.

In the long run, witha” < oV < &, both cost types of both downstream firms are always
served. Moreover, with investment incentives being higheger uniform pricing than under
price discrimination, a firm is more likely to produce at loast under uniform pricing. This
effect supports welfare under uniform pricing comparedroepdiscrimination. With higher
investment incentives under uniform pricing, however,dbevnward distortion in quantity for
a high-cost firm is stronger which reduces welfare underonmfpricing compared to price
discrimination. According to Proposition 7 the direct effelue to an increased probability
of producing at low costs outweighs the indirect effect ofighkr quantity distortion, thereby
making a ban on price discrimination socially desirableniabng-run.

9Following DeGraba (1990) we consider symmetric firms whitiplies that no discrimination takes place on
the equilibrium path. Nevertheless, when discriminatmpassible (off equilibrium) this has an effect on the
downstream firms’ investment incentives.



Price Discrimination in Input Markets: Quantity Discourdad Private Information 16

5. CONTINUOUSDISTRIBUTION OF DOWNSTREAM COSTS

In this section, we allow for the marginal cost of downstrdam i € {1, 2} being continuously
distributed, i.e.c € [cp,cy] = C with 0 < ¢, < cy. Firmé’'s cost is ex ante distributed
according to c.d.f.F;(c) with density f;(c) > 0 for all ¢ € C. The cost distributions of the
two firms are different in the sense that there exist values efC such thatF(c)/fi(c) #
F5(c)/ f2(c). The manufacturer, who knows the firms’ ex ante cost disiiobs but not effective
retail costs, offers downstream firha quantity-transfer lisk'; = ((¢i(¢), t;(c)))cec, SPecifying

a quantityy;(c) € R>o and a transfet;(c) for each feasible cost type. For this continuous-type
case, we focus on linear demafdyg) = max{1 — ¢,0}. The manufacturer’s expected profit is
given by

= Z {/ ")~ Kale) o ic}. (13)

As before the manufacturer has to satisfy the individuabnatity and incentive constraints:
foralli € {1,2} andc € C,

qi(c)[1 = gi(c) — ] = ti(c) 2 0 (IR)
¢ € argmax{g;(¢)[L — ¢i(¢) — o] —t:(O)}- (1C)

If price discrimination is banned, the manufacturer hasoimgly with the non-discrimination
constrainf’; = I',. Note that for the manufacturer it is more profitable to cacitiith low-cost
downstream firms. This implies that the usual monotoni@guirement, which is necessary to
satisfy incentive compatibility, here requires thgt) andt;(c) are non-increasing. In order to
avoid bunching, we impose the following assumption in thetspf the monotone hazard rate

property.

Assumption 2. For all ¢ € Citholds thatF;(c)/ f:(c), withi € {1,2}, and[F;(c)+F»(c)]/[fi(c)
+ f2(c)] are non-decreasing.

Note that Assumption 2, which guarantees that optimal gtyasthedules are strictly de-
creasing, is satisfied if both density functions are weaklgrdasing.

Moreover, we focus on cases where—irrespective of thenyiotgime—the manufacturer
serves all types of downstream firms, which correspondsde @ain the previous analysis.

Ammption 3 cecg+K<1-— [min{fl(cH), fg(CH)}]il.

Lemma 3. Suppose that Assumptions 2 and 3 hold, so that the optimailtijyiachedules are
all strictly decreasing in the cost type and all cost typescpire a strictly positive quantity.
Then, there exist cost realizations for which the quantitiesigned to the two firms under
discrimination differ, i.e., there are € C such thaty” (c) < ¢/’ (c) fori,j € {1,2} andi # j.
For all these cost realization the quantity offered undeifanm pricing is strictly bracketed by
the two discriminatory quantities, i.ez,’(c) < ¢V (c) < ¢/ (c).
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According to Lemma 3, one market benefits from price disaration whereas the other
market is harmed compared to uniform pricing for a given ceatization. Nevertheless, we
obtain a clear welfare result.

Proposition 8. Suppose that Assumptions 2 and 3 hold, so that the optimaltijysachedules
are all strictly decreasing in the cost type and all cost typeocure a strictly positive quantity.
Then, permitting price discrimination harms welfare, i&J}) < 0.

In the two-type case we have argued that if a downstream firsnahaincentive to bring
a case, the enforcement of a nondiscrimination clause ikeeheutral at best. As the next
finding shows, with a continuum of cost types, if a firm has aretive to bring a case, the
enforcement of a uniform tariff can improve welfare.

Observation 1. Supposef;(c) crossesfs(c) once from above at € (¢, cy), so that firm 1 is
more likely to produce at low-cost levels than firm 2. If the ofanturer offers different tariffs
to the downstream firms, then the ex ante efficient filmas an incentive to bring a case when
its costs are relatively high—in particular fere [¢, cy). Moreover, if the lawsuit is successful,
output in market increases which increases welfare in market

6. DEMAND-SIDE SUBSTITUTION

As was recently shown by Inderst and Valletti (2009) and Cap(R006), the implications of
price discrimination in input markets for pricing decissoand welfare may be reversed if the
assumption of a monopolistic input supplier is relaxed. Aswill show next, the main effect of
downstream firms having an outside option in our model is iid snts from the manufacturer
to the downstream firms. As a result, by and large, our findargsobust toward relaxing the
assumption of a monopolistic input suppher.

Consider the same model as before, but suppose that a doamndiren, when rejecting the
manufacturer’s offer, can turn to an alternative sourcenpiit supply. If a firm with marginal
coste € {cy, cy} acquires its input from the alternative supply, then itsfipgarer(c), with
0 < m(cy) < 7(cy).2?2 We assume that the alternative supply is not too attractiae
sense that the joint surplus generated by the manufactadeeither type of downstream firm
exceeds that downstream firm’s profit obtained under thenaltise supply.

Assumption 4. For all ¢ € {c., ¢y} it holds thatr(¢7°(c), ¢) — Kq’°(c) > 74(c).

Define

ACL —7TACH
5 oo T —men) (1

Cg —CL

20A detailed derivation of the results presented in this seds to be found in Appendix B.

2Here, the manufacturer faces a screening problem with adgpendent outside option. This class of problems
is thoroughly analyzed, for instance, by Jullien (1996,®00

22For instance, if a competitive fringe supplies the input at-pnit wholesale pricav, then 74(c) =
max,{q[P(q) — ¢ — w’]}.
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which declares how much more a low-cost firm benefits from ttegraative input supply than

a high-cost firm, relative to the low-cost firm’s cost advaetaln order to stick close to our
basic model, we keegy, andcy fixed and assume that any variationgirmrises due to changes
in m(cy) or(cy).

For reasons of tractability, we focus on situations wherdeurthe optimal contract it is
never the upward incentive constraint that is binding, e do not considecountervailing
incentivesin the sense of Lewis and Sappington (1989Moreover, we restrict attention to
circumstances where the manufacturer serves both typeswisiream firms, which allows
to draw welfare implications irrespective of the particutarm the alternative supply takes. A
sufficient condition for the optimal contract to satisfyskeroperties is

Assumption 5. ¢ € [0, ¢”%(cy)], wheren (¢, cy) — 7 (cy) — Ké = 0.

While the existence of an alternative supply leaves the iineeicompatibility constraints
unchanged, the individual rationality constraints nowaeftype-dependent outside options:

m(qL, cr) —tp > 7 (cr) | (IR7)

(i cm) —tur 2w (cx) (IR7)

For pricing regime: € {D, U}, definea” (¢) as the critical probability of low-cost production
at which the quantity assigned to a high-cost type in the vaf®ut type-dependent outside
options equalg. Moreover, let! (as; ¢) := a¥(¢) —ay and note that! (o (¢); ¢) = aP ().
The following result shows that our previous findings areusitboward relaxing the assumption
of an unconstrained manufacturer.

Proposition 9. Suppose that Assumptions 4 and 5 hold, so that under the aptontract
countervailing incentives do not prevail and neither dowaestn firm procures its input from the
alternative supply. Moreover, suppose that firm 2 is likelptoduce at high costy, < a”(¢).
(i) If firm 1 is rather likely to produce at high cost; < oV (ay; ¢), then permitting price
discrimination harms welfare whenever it does not lead to @tstixpansion in expected
total output, i.,e. AQ <0 — AW < 0.
(ii) If firm 1 is rather likely to produce at low costy (a; ¢) < a1, then permitting price
discrimination improves welfare, i.eAW > 0.

In comparison to our baseline model, instead of high-casisfinot being served at all, now
high-cost firms are offered a “rather low” quantity equabtih contracting with a low-cost firm
is sufficiently likely. Otherwise, however, the intuitioelind the welfare result of Proposition 9
Is basically the same as the one behind Proposition 4. Ircpkat, banning price discrimination
can be beneficial for welfare also in situations where theufaaturer is not an unconstrained
monopolist?* This becomes apparent when investigating the case of lieaand.

23Cf. also Tirole (1988, p.154).

2“Moreover, just like in the case without alternative supfflyyigh-cost production takes pace in both markets
only under uniform pricingp” (¢) < a1 < o (as; ¢), thenAW is strictly increasing inv; .
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Corollary 2. Suppose that Assumptions 4 and 5 hold, so that under theamtontract coun-
tervailing incentives do not prevail and neither downstretatm procures its input from the
alternative supply. Furthermore, suppose demand is linB4y) = max{1 — ¢,0}. Then, if
firm 1 is likely to produce at high cost;, < o”(¢), permitting price discrimination harms
welfare, i.e. AW < 0.

According to Corollary 2, if the potential differences inaitcosts are low, a ban on price
discrimination improves welfare at least for linear demaial order to see this, notice that
aP(¢) = [¢"%(cu) — ¢]/[q"°(c) — ¢] approaches ascy; tends tocy,.

7. CONCLUSION

In this paper, we analyze a vertically related industry vasglgmmetric information between the
upstream and the downstream sector. The main purpose iguwmerinto the welfare effects of
banning third-degree price discrimination in intermeeligbod markets when nonlinear pric-
ing schemes are feasible. This question is of immediatdipahinterest because from a legal
perspective, quantity discounts are commonly regardedusifiable pricing strategy of man-
ufacturers as long as they are not discriminatory in theesehapplying different conditions to
identical transactions with different trading partners.

While there has been considerable back and forth in the adadiéenature regarding the
guestion whether banning price discrimination in input ke#s constitutes a desirable course
of policy when wholesale prices are linear, among the feweptions which consider nonlin-
ear wholesale pricing schemes the predominant opinioraisinning price discrimination is
detrimental for welfare. In contrast to these findings, wevsltthat even if nonlinear pricing
schemes are feasible, the reservation toward discrimmpatecing practices embodied in legal
enactments may well be warranted when downstream firms hasagegpinformation.

A weak point of our analysis is the focus on separate mankdtish rules out potential com-
petitive effects. We believe, however, that our findinggycawer to situations where down-
stream firms compete in differentiated products—at leasigifdegree of differentiation is suf-
ficiently large. We refrain from analyzing competition dastream because, with our focus on
fairly general wholesale contracts, it is far from strafghtvard how to model competition in a
tractable manner.

Many real-life trading relationships are long-lived. If avehstream firm’s retail costs vary
from period to period but are correlated over time, the mactufer's assessment of the dis-
tribution of retail costs can become more precise over timeg @& a result the asymmetric
information problem is reduced. To achieve incentive caibpdy in early periods, however,
becomes more costly, which increases the asymmetric irgftoom problem in early periods
of the business relationship. To explore the repeatedaati®n between a manufacturer and
privately informed retailers is a fascinating topic forute research.
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A. PROOFS OFPROPOSITIONS ANDLEMMAS
Proof of Lemma 1First, suppose’ < ¢” < ¢*(cy). Then

ﬂ-(q//7 CL) - 7T<q/7 CL) > 7T<q/l7 CH) - ﬂ-(qlu CH)
= [P(¢") —cLld” = [P(d) —cLld’ > [P(¢") — culd” — [P(d) — culd
— q/ < q//‘ (Al)

Next, suppose’ < ¢*(cy) < ¢" < ¢*(cp). Then

m(q" cr) —m(d cr) > 7(q" cn) — 7(q' cn) = 7(q"(cm), cn) — 7(d', cnr)
= [P(¢") —cld" = [P(d) — crld > [P(q"(en)) — culq"(cn) — [P(d) — culd
< [P(¢") —cilq" = [P(q"(cn)) — cLlq"(en) + [P(q" (cn)) — cL]q™(cn)
—[P(q") —crld’ > [P(q"(cn)) — cnla™(cn) — [P(d) — culd
= 7(q" cr) —7(q" (cu),c) + (ea — cn)(q"(cu) — ¢') > 0, (A.2)

where the last inequality holds by < ¢*(cy) < ¢" < ¢*(cr) andn(q,c) being strictly
increasing iny on [0, ¢*(c.)).
Last, suppose*(cy) < ¢ < ¢” < ¢*(cr). Then

7(¢" cr) —m(d cr) > 7(q" cn) —7(d,cn) = 7(q*(cu), cn) — m(q*(cu),cu) =0 (A.3)

holds because(q, ;) is strictly increasing iy on [0, ¢*(cy.)). O

Proof of Proposition 1.t is readily verified thall”(q., q) is strictly concave. From the first-
order conditiondI1” /dq;, = 0 we obtain that;? = ¢’9(c;). Moreover, a high-cost type is

served if and only if
orrv

>0 << a<a. (A.4)
Oqu

qu=0
If « < &, thengk) () is characterized by the first-order conditi@fi” /0qy = 0, cf. (5), and we
have0 < ¢5(a) < ¢’°(cy). Finally, note that? andqX () satisfy the constraint (MON). [J

Proof of Proposition 2.The result follows directly from the proof of Propositionfive replace
a by ax,/2 and recognize thaty, /2 < & is equivalent tav; < & (o). O

Proof of Lemma 2.The desired statement follows from Propositions 1 and 2tkegevith the
definition of¢’°(c) and the fact that

%) a1 + Qe ay
an < oy = < < : (A.5)
]_—CVQ 2-0(1-0[2 ].—Oél

]
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Proof of Proposition 3.With a; = 1 anda, = 0 the manufacturer de facto knows that= ¢;,
andc, = cy. First, suppose that price discrimination is feasibleh#f thanufacturer contracts
with a downstream firm that operates at marginal epgten—with incentive compatibility not
being an issue—the manufacturer chodsg€s), ¢(c)) in order to maximize(c) — K ¢(c) subject
to m(q(c),c) — t(c) > 0. In the optimum the participation constraint must be bigdsuch
that the manufacturer’'s quantity choice effectively mazes joint surplus. In consequence,

¢”(c) = q”*(c).
Next, under uniform pricing the manufacturer choo&gs;,),t(c.)) and (¢(cg),t(cy)) in
order to

max Y [t(e) = Kq(c)] st (R),(Rg),(CL), (ICk), (A.6)

ce{cr,ch}

where the constraints are those introduced in SubsectiomBe transfers are pinned down by
the two binding constraints, () and (IG). Thus, the manufacturer chooses quantifies )
andq(cy) according to

max [P(q(cr)) — e — Klq(cr) + [Pq(cn)) — cn — K — (cu — c)]q(cn). (A7)

Clearly, there is no distortion at the tof)(c;) = ¢’(c.). If P(0) —cy — K > ¢y — ¢y, then
qY(cy) is characterized by

P'(¢%(cu))q" (cu) + P(¢"(cu)) — ey — K = ey — c1. (A.8)

and0 < ¢Y(cy) < ¢’%(cy). f P(0) —cy — K < ¢y — ¢y, thengY(cy) = 0.

Regarding welfare, note that the outcome in low-cost markietels not depend on the pricing
regime. The quantity in high-cost market 2, on the other hasdiistorted below;”(cy)
under uniform pricing. With;”%(cy) being too low from a welfare perspective, banning price
discrimination therefore is unambiguously detrimentaivielfare , i.e. AW > 0. n

Proof of Proposition 4.We prove each part of the proposition in turn. To cut back catim,
defineqh); := ¢P (o) fori € {1,2}, andqy, := ¢¥(ax).

(i) Note that the expected total output under price disaration and under uniform pricing
is given by

E[Q7] = ang”(cr) + (1 — an)gzyy + azq”®(er) + (1 — a2), (A.9)
and

ElQY] = a1q”(cz) + (1 — a1) Y + anq” (cr) + (1 — as)qY, (A.10)
respectively. Thus)dQ = E[QP] — E[QY] is given by

AQ = (1 - as)laz — qi) — (1 — a1)lgly — az)- (A.11)
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The change in expected welfare can be rewritten as

AW = (1 — ) /ZH P(2)dz — (1 —an) /qH P(2)ds — (cn + K)AQ.  (A12)

D
qg 4

SinceP’(q) < 0, we can find an upper bound for the first term and a lower bounthé&second
term (see Varian, 1985). Hence, the change in expectedneetfdounded from above by

AW < (1= a2)P(q) (a2 — du) — (1 — a1)P(qr) (a5 — ain] — (en + K)AQ.  (A.13)
Rearranging the above inequality yields
AW < [P(q]) — (cir + K)IAQ.

We conclude by noting thaf’(¢%) — (cx + K)] > 0 becausg’* (cy) > ¢%.

(ii) With &, (az) < oy, we haveg?, = ¢% = 0 < ¢h,. According to (10), the difference in
expected welfare under the two pricing regimes is

AW = (1 — as) [/OqHZ P(2)dz — (cy + K)ql | - (A.14)

From the first-order condition (5) together witt(-) < 0 wheneverP(-) > 0 it follows that

o
P(qf,) — (cu + K) = —P'(q13,) a1, + —a(CH —cp) >0

1 _
— [P(qﬁz) — (cu + K)] qzga > 0 (A.15)
which establishes the desired result. ]

Proof of Corollary 1. In case (Il), withay < & < a1 < é(as), we haverd), = 0 < ¢4 < ¢h,.
Note thatdgh, /da; = 0. Differentiation of (10) w.r.ta; yields

% U

N /OqH P(2)dz — (cu + K)q%] —(2— ag)%{ [P(¢}) — (cu + K)]  (A.16)

dOél

1

With ¢% being defined by (8), we haw&;/da; < 0. Moreover, withP’(-) < 0 whenever
P(-) > 0, from (8) it follows that

Qay

2 — (o)
:/ 2)dz — (cg + K)¢5 > 0. (A.17)

P(qy) — (cu + K) = —P'(qi)qy + (cw —cr) >0

Taken together, these observations allow us to conclude/thié’/do; > 0. O
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Proof of Proposition 5.With AW being given by

: p v aft () + qfj (o)
AW =Y (1 — ai)(qp(en) — giy(ax)) |(1— ey — K) — 5 ,  (A.18)
=1
we consider in turn each of the three relevant cases idehiifitne main text: (I, < oy < @;
() az <& <oy < dy(ae); and () ay < & < &1(a2) < ;. To cut back on notation, define
qh; = qP (o) fori € {1,2}, 4% = ¢%(ax), ¢ = ¢’%(cy), andA, := cy — cy.
() With ay < oy < & we havegyy; = ¢ — 12-5= andqy; = ¢° — 5224+, Noting that

AQ = [y ,(1 — ai)gi] — (2 — as)qy = 0, AW < 0 follows from Proposition 4(i).

() With ay < & < a; < a1(as), we havegd), = 0, ¢5, = ¢ — S 2= andqy, =
(£5))

qlf — (o) %. The difference in expected welfare thus equals

AW = (1 — as)qh, {1 — %qEQ — (cu —i—K)} — (2 —ax)dy {1 — %qPUI — (eu + K)} :
(A.19)
Let al¥ (a) be implicitly defined by
AW (o} (a), ap) = 0. (A.20)
Differentiation of (A.20) with respect ta, reveals that

dai” (as)
dO{Q

1
2

. d
Substituting forg;;, andg;;, and noting thaflqi i O@)Q% andd‘;—f; = (2 e C yields
dOé}/V(Oég) 2 Ac 7S ay, AC
dOéQ 2—&2 2 H 2—&2 2
gs s Ac| 3 5e 1 ax A
+{QH 2—0422}{2(]H+22—0422
1 AC JS OCQ AC
- {1—0@ 2 {QH T2
gs_ Q@ Ac| f3 59 1 a Ac
+{QH 1—a22}{2qH 21— ap 2
[z A s, as A
2—ax 2 |7 2-ay 2
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A first important observation is that each term in square ketacis strictly positive, which
implies thatda!" (aw)/day, > —1. Moreover, all the terms witly/® on the RHS of (A.22)
cancel out, which allows us to rewrite (A.22) as follows:

da}’v(ag){ 2 AC{JS as Ac}

dO[Q 2-0[27 2

L

gs__x Acl 3 5 1 ax A
+{qH 2—%2}{2QH+22—0@2

_ (ﬁ)Q {042(2— az) agld- Oéz]}' (A.23)

2 (1 —ay)? (2 — ayx)?

Straightforward manipulation of the RHS yields

AN\ (2 —ay)  ax[d— ag] 1 /A2 ol —dax + 4as (2 — as)

— — =—|—= . (A.24)

2 (1 —ay)? (2 — ax)? 2\ 2 (1 —a9)?(2 — ax)?
Sincea? — dax + 4a2(2 — as) < 0if and only if oy € (a,4 — 3as), the RHS of (A.23) is
strictly negative. Therefore, with the term in square beaslon the LHS of (A.23) being strictly
positive, we must havéa!" (as)/das < 0. Taken together, the above observations imply

da)’ (o)

dOéQ

€ (—1,0). (A.25)

Last, note that}" (&) = a. To see this, note that far, = a, we haveq, = ¢%, and in
consequence

1 3 1 [6D) AC
AW = —(1—as)qz, {1 - 5952 — (cn + K)} = —(1—a2)qz, {5%‘53 t57o %7} :

(A.26)

With ¢ > 0, for AW = 0 we must have/5, = 0, which holds fora, = &. Together with
dal’ () /day € (—1,0) this last observation implies!' (as) € (a, &;1(az)). The result then
follows immediately from Corollary 1.

(1 AW > 0 follows from Proposition 4(ii).

Taken together, the above observations establish theedagisult. O

Proof of Proposition 6.First, we show that the equilibrium investment levels aderd char-
acterized by the respective first-order conditions. THezgave show that” < oV.

Consider price discrimination first. Firds expected profit at the contracting stage does
not depend on firny’s investment intensityy; such thatr? (c;; ;) = 7 (cy). The infor-
mation rent left to a low-cost downstream firm is zero if itgastment level is too high, i.e.,
P (a;) = —(ay) < 0for a; > &. Moreoverdrf (a)/da)a—o = ¢ (0)(cy — cr) > 0. Thus,
aP € (0,a). Finally, note thatr?’(-) is a continuously differentiable function and thu§ is
characterized by the first-order condition

aP (cyg —cp)?
(1 —aP)? 2P (g5 (a”)) + g (a”)P" (g7 ("))

an (&) (en —cL) + =¢'(@”).  (A.27)
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Under uniform pricing the profit of downstream firirdepends also on the rival’s invest-
ment levela;. If a; = 0, then firm: chooses a strictly positive investment level because
orll (a;;0) /O] a;=0 > 0. Forr = U, implicitly differentiating (11) with respect to; reveals

de | dqg(as) Paplas)  P"(a) Iy (ax) P qg (o)
2 | - _— _ o )
da; { Oy + o da? (ew —cr) oy, i Ja,;0a; (A.28)
GivengYy > 0, from (8) in combination witl2 P’ < min{0, —gP"} it follows that
dqp(as) _ Oqg(as) 2(cu — c1)
= = < 0. A.29
doi 0o, | 2—asPRP()+ POdas)] 29

Moreover, by Assumption 1,

Pqy(os) _ Paylos) _
da? Do

U

2(en — ) {2 2P'0) + POafi(ow)] = (2= as) [3P0) + P"()af (o) 22}
2= asP P+ P Od(as)]

<0. (A.30)

This allows us to conclude that firits best-response function is weakly decreasingeakly
decreasing because it might be the case that fichoosesy; = 1 for values ofa; suffi-
ciently close to zero ory; = 0 for values ofc; sufficiently close to one. With downstream
firms being ex ante symmetric, their best-response funstaye symmetric. Existence of a
symmetric Nash equilibrium with equilibrium investmentééa’ € (0, 1) then follows from
best-response functions being continuous and fiohnoosing an investment level strictly less
than 1 fora; sufficiently high. To see the latter point, note the followir(i) if 2& < 1, then
a; = 0 is a best response ; € [24,1] because a higher investment by fitndoes not
change the quantity allocatiogh; (c; + «;) = 0, but comes at higher cost; (i) if < 24, then
oY (i3 1) /00| a;=2a—1 = ailey — cp)?/(2 — &)2P'(0) — 9'(a;) < 0, such that firm's best
response is smaller thaa. — 1, which itself is smaller than 1 becauge< 1 for ¢y < ¢;,. Last,
note that any symmetric equilibrium under uniform pricingshhavea? < a: if oV > 24,
then firmi’s best response to; = oV is nota; = oV buta; = 0; if oV € [&, 2&), then firmi
can profitably deviate ta; slightly below2& — oY, which results in strictly positive expected
profits becausgy, (o; + a¥) > 0. HenceV is implicitly defined by

aV (cy —cr)

2(1 = a¥)? 2P'(q(2aY)) + ¢ (2aV) P"(q5;(2a7))
Comparing the equalities (A.27) and (A.31) immediately edse¢hain” # oV. Note that for
aV = oP, we would havey, = ¢F. Suppose, in contradiction, that’ < o, which implies

thatqy, > ¢b. Let MR/(q) = 2P'(q) + q¢P"(q), so thatM R(q) denotes the marginal revenue

of a downstream firm. Withy' (o) < ¢'(a?), by hypothesis, it has to hold that

2

=/(a"). (A.31)

5 (20")(cg —c) +

oP (cy —cp)

1—aP)? MR'(qh)

2 U

U a (cn — 1)
= dulen =¥ S0 TR M)

2

qg(CH - CL) + (
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or equivalently,

(car — ) (q% — qf) + o’ (cu—cr)® P (em—c1)” <0. (A32)
HT O T T ol MR () T (I—aP) MR() —

The above inequality is violated because (a) by hypoth€sis: o” andq?; > ¢&, and (b) by
Assumption 1V R'(q) is non-increasing. This completes the proof. n

Proof of Proposition 7.For ¢)(a) = 0 and P(q) = max{l — ¢,0}, where the latter implies
MR!(q) = —2, itis straightforward to show that the investment level@mgrice discrimination
Is given by

with ¢”%(c) = (1/2)(1 — ¢ — K). The symmetric investment level under uniform pricing
amounts to

«

_ / _ _ 1 JS
_ CH Cy, —+ CHy CL\/CH Cy, -+ 6(] (CL) c (QD’ 1). (A34)
8qJS(CL)

With our focus on equilibria in undominated strategiesréhis a unique equilibrium, which is

v =1

symmetric. In order to see this, lef'(a;) be the reaction function of firmm The slope of the
reaction function

daff 240, — o

dOéj a 4 — 204j

€(=1,-1/2), (A.35)

Thus, there is only a symmetric equilibrium because the lateswalue of the slope of the
reaction function is always less than one.
The difference in expected welfare between price disciatmm and uniform pricing is

1

AW = 1—6<CH — CL) (\/ CHg — CL)2 -+ 3\/ CH — CL\/CH —cr, + 16qJS(CL>

—10V2/(cu — e1)q”5(cp) | (A.36)

Thus, AW < 0 if and only if

Ve —ep 4+ V9(en — ep) + 144¢75(cr) — 1/200¢75(c) < 0, (A.37)
which holds becausg; < 1 — K. O

Proof of Lemma 3 First, we analyze the manufacturer’s screening problenthi®icontinuous
distribution of downstream types. Noting that neither thividual rationality constraints nor
the incentive compatibility constraints depend on theipgecegime, we begin with drawing out
the implications of these constraints for the optimal whale tariff. To cut back on notation,
we suppress the subscriphdicating the downstream firm.
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Define
Vi(e) = q(o)[1 —qle) — ] = t(c). (A.38)

Using a revealed preference argument for typés= C and¢ > ¢, we obtain

Vie)—=Vi(c .
q(c) > Vi) ~V(e) é_ . © > q(¢). (A.39)
The above chain of inequalities implies tHétc) = —q(c) except for points of discontinuity.

Moreover, from (A.39) we immediately obtain that the ineemtompatible quantity and trans-
fer schedules;(c) andt(c), are non-increasing. Using the insights from above, thesteat(c)
can be stated as

wdzq@nr—«@—cwi/mq@wm (A.40)

becauséd’(c) = V(cy) + [ q(z) dz andV (cy) = 0 in the optimum.

Discriminatory Offers.—Wlth downstream firms operating in separate markets, thaifaan
turer solves two isolated maximization problems. Afteegrating by parts, the manufacturer’s
problem regarding firm = 1, 2 can be stated as follows:

Program D1:

Ei(c)
fic)

mw(/m<ﬂdﬂ—ﬁd—c—K1—d@

(@(@eee Jo,

) fi(e) dc
subject to: ¢(¢) is non-increasing

Ignoring the monotonicity constraint for the moment, peingse maximization yields

P (c) = % {1 —e— K — ];((2} . (A.41)

By Assumptions 2 and 3, the quantity schedtfléc) is strictly decreasing and assigns a positive
guantity to all types.

Uniform Pricing.—Being restricted to offer the same wholesale tariff to botlkstream
firms, the manufacturer maximizes

/WWQ—KﬂMM@HJNM@7 (A.42)

subject to the (IC) and (IR) constraints. Since the conssaint the same as under price dis-
crimination, the incentive compatible transfer schedslstill characterized by (A.40). Inte-
grating by parts yields

/CH/ ) dz[fi(c) + fa(c)] de = /CH q(e)[Fi(c) + Fy(c)] de, (A.43)

cL

such that the manufacturer faces the following problem:
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Program U:

Fi(c) + Fy(c)

nax / " (q<c>u — Q) —e= Kl —al)) g

(@(@eec Jo,

) A1(6) + folc)] de

subject to: ¢(c) is non-increasing

Ignoring the monotonicity constraint for the moment, peinge maximization yields

Fi(c) +F2(C)}
file) + fale) |

By Assumptions 2 and 3, the quantity schedyiléc) is strictly decreasing and assigns a positive
quantity to all types.

Based on the above insights, we now can prove Lemma 3. AcaptdifA.41), if ¢°(c) <
q¥(c), thenFi(c)/ fi(c) > Fy(c)/ f2(c). In combination with (A.44)¢P (c) < ¢Y(c) < ¢¥(c) is
equivalent to

Y (c) = L [1 —c— K — (A.44)

2

Fi(e) _ Fi(e) + Fy(c) _ Fy(c) Fi(e)  Fy(e)
710~ R+ hle) ~ falo) ACEEAG)

which establishes the desired result. ]

(A.45)

Proof of Proposition 8.Inserting (A.41) and (A.44) into

Eov?] =30 { [ a0 - /2O - 4 K] £l aeh (a0
and
B = [0 - 020 O - e+ K@) (h0) + fo) de, (A4D

respectively, reveals

s [ sof-een- 5] 2

+/CLCHf2(c){1—(c+K)—

J 2(6)1 dc}. (A.48)

Simplifying the above expression yields

L [ [Fi(c) f2(c) — Fa(c) fi(c))?
AW = —— .
W=-3 / AR + fae] = (A49)
which establishes the desired result. ]

Proof of Observation 1Note that given our assumptiafi (c) > Fy(c) for all ¢ € (cp,cq).
First, we characterize a firm’s profit in equilibrium for a givpricing regime € {D,U}. This
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allows us to calculate a firm’s change in profits for a givert cealization if we move from one
regime to the other. Finally, we will derive bounds for thebanges that establish the Result.

Let V' (c) = [ ¢/ (z) dz denote the utility of firmi € {1,2} under pricing regime given
its retail cost is equal te. Under price discrimination, we have

[ l-c—-K L [ Fi(c)
ViP(e) = /C —a dz — 2] T dz. (A.50)

Likewise, under uniform pricing,

[ l-c—-K 1 [ Fi(c) + Fi(c)
VV(c) = / —5 dz — 5] For o dz. (A.51)
Retailer: strictly prefers a ban on price discriminationifV;(¢) < 0, where
e VP () ey = L[ [fi<c>Fj<c> - fj<c>Fi<c>]
AVi(e) :==V"(c) = V" (c) 5 /C Fi0) + O dz. (A.52)

Let us consider the ex ante efficient fim Suppose firml’s cost are relatively highg €
[¢, cy) and thusfi () < fa(-). Hence,

L ARG - REI
avie <3 [ {[f1<z>+f2<z>}f1<z>1 de <l (A.33)

Finally, to prove the last statement of the result, note 4iat) < ¢Y(c) iff

Fi(e) + Fa(e)  Fi(o)
file) + fale)  file)

As we have shown above, the inequality is satisfied:far(¢, cy). O

<0. (A.54)
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B. SUPPLEMENTARY MATERIAL (NOT FORPUBLICATION)

B.1. Proofsand Supplementary Material to Section 6

Before providing the proofs of Proposition 9 and Corollary 2 fivst derive the quantities
offered by theM under either pricing regime. In order to state the discussai® concise a
possible, define”, with » € {D, U} denoting the pricing regime, as follows:” = «; for

i € {1,2} under price discrimination and” = ax under uniform pricing® Moreover, we
defineq”(a") as the quantity that solves the first-order condition (5) é)dor » = D and
r = U, respectively.

Proposition 10. Suppose that Assumptions 4 and 5 hold and daerves both types of down-
stream firms. The optimal wholesale mechanism under pri@gamer € {D, U} allocates
guantities

() ¢r(a") = ¢’%(cr) andgy (a”) = ¢"(a") if ¢ < ¢”%(cy) anda” < a’(¢);
(i) gq;(a”) = q”*(cr) andgg(a”) = ¢ if ¢ < ¢”%(cy) anda” > a”(¢);
(iii) q7(a") = ¢”%(cr) andgy (") = ¢’5(cu) if ¢"(cn) < ¢ < ¢’*(cr).

Proof. The manufacturer maximizes
H:QT[tL—qu] +(5T[tH—qu] (Bl)

subject to (IRY), (ICy), (IR%), and (IG). If discriminatory offers are allowed, theif =
1 — «; with regard to downstream firmme {1,2}. Under uniform wholesale tariffs, we have
oY = 2—ayx. The presence of the alternative supply gives rise to astrg@roblem with type-
dependent participation constraints. Following the asialyn Laffont and Martimort (2002),
under Assumption 5, we have to distinguish three cases})(#d (IG.) are binding; (IR})
and (IR!) are binding; (IR}), (IC.), and (IR!) are binding. We analyze each of these cases in
turn. Figure 3 illustrates the following discussion for thiscriminatory pricing regime.

First, consider the relaxed optimization problem wherelanpricing regime € {D, U}, M
maximizes (B.1) subject only to (H and (IC,). For a given allocatiotiq;,, ¢ ), the optimal
transfers make both constrains bind:

ty = w(qu,cn) — 7y,

tr

7(qr,cn) — 7(qu, cr) + m(qu, cu) — Wﬁ-

Except for being shifted downward by the amour, the transfers are the same as in the
standard case without alternative supply. In consequéheepptimal allocation is the same
as in Section 3:¢} (a") = ¢’%(cr), andgj;(a”) = ¢ (a”) for o < &, wherea” = a
andaV = 24, and zero otherwise. With the allocation satisfying the otonicity constraint

25\We are aware of the slight abuse in notation regarding Sedtidout we believe that there is little cause for
confusion.
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(MON), (ICp) is satisfied trivially because (I holds with equality. Thus, this allocation and
the associated transfers solv&s original problem as long as the (ffRconstraint is satisfied,
or, equivalently, as long as

w(q”(cr),cn) =t > 1 <= ¢ < qyla), (B.2)

Note thatg"(a") is a strictly decreasing function witff (0) = ¢’%(cg) andg"(a") = 0. In
consequence, (KR holds if ¢ < ¢7%(cy) anda” < a”(¢) € [0, 4], wherea”(¢) is implicitly
defined as
q"(a"(9)) = ¢. (B.3)

Existence and uniqueness @f(¢) follow from the intermediate value theorem together with
¢"(a") being a continuous and strictly decreasing function(on”|.

Next, consider the relaxed problem wheY& maximizes (B.1) subject only to () and
(IR%). For a given allocatiorig; , q;), the optimal transfers make both constrains bind:

t, = mwlq,cL) — 7 (B.4)
ty = wlqu,cu) — 7y (B.5)

Inserting these transfers into (B.1) reveals thés goal is to maximize the joint surplus. Hence,
the quantities implemented agg (") = ¢’9(cz) and¢};(a”) = ¢’5(cy). Obviously, the
above wholesale mechanism satisfies the monotonicity @ns{MON). For this solution to
the relaxed problem also to be a solution to the original lerobit needs to be checked that the
mechanism is also incentive compatible. The incentive ttaim of the low-cost firm, (1¢), is
satisfied if

JS(

m(q"(cL),er) =ty > 7w(q" (cn),c) —tn = ¢"°(ch) < o. (B.6)

A high-cost firm truthfully reveals its type, i.e. (}g is satisfied, if

w(q" (cu),cn) —tg > (g™ (cL),cn) =t = ¢"%(c1) > ¢ (B.7)

Thus, fore € [¢7%(cx), ¢’ (c1)] the above wholesale mechanism is optimal under the original
problem.

Last, consider the relaxed problem wheéremaximizes (B.1) subject to (KR, (IR), and
(IC). For¢ < ¢’%(cy) anda™ < a”(¢), on the one hand, and fer € [¢7%(cx), ¢7%(c1)],
on the other hand, the solution to this problem is given bysiblation to the respective less
heavily constrained optimization problem considered tefahere only two of the constraints
were binding in the optimum. Faef < ¢/°(cy) anda”™ > a"(¢), however, in the optimum all
three constraints must be binding. Thus, transfers undtgngregimer € { D, U} as functions
of the implemented allocatiofy,, g5 ) are given by:

ty = mlqu,cn) — 7y (B.8)
t, = W(QL,CL)—Wf (B.9)

tz—t}n{ = W(qL,CL)—ﬂ'(qH,CL). (BlO)
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Solving the above equations (B.8)—(B.10) fer yields

7TA — 7TA
qy(a") = ﬁ = ¢. (B.11)

With ¢y being fixed by (B.11)M choosegy;, in order to maximize
ty —kqr = w(qr, cr) — 1 — kaw (B.12)

which is achieved by’ (a”) = ¢’%(cr). The above allocation clearly satisfies the monotonicity
constraint (MON), and (Ig) trivially holds because (Ig) is satisfied with equality. Thus, the
above wholesale mechanism also is a solution to the origiralem for¢ < ¢’%(cy) and

a” > a"(¢). This establishes the desired result. O
?
775 (er)
(RL), (IRg)
775 (enr)

(CL). (Rgr). (Ry.) aP ()

(ICL). (IRgr)

aP(¢") aPl 1 a;

Figure 3: Binding constraints wheW serves both types.

Proof of Proposition 9.For the moment, assume thaf wants to serve both types of down-
stream firms. We will provide a detailed account of the cirstances under which/ prefers
to serve only one type of downstream firm at the end of this Adpe

While M offersq’“(c;) to any low-cost downstream firm, the quantity offered to ankigst
downstream firm depends on both the pricing regime and itsiexefficiency. Remember that
aV(¢) is implicitly defined byg¥ (a¥ (¢)) = ¢. Under price discrimination the high-cost type of
firm i is offered quantity/ (o) = ¢ (o) if a; < aP(¢) and quantityy? («;;) = ¢ otherwise.
Under uniform pricing/ offersq¢Y (ax) = ¢V (ayx) if ay < aV(¢) and¢y(ax) = ¢ otherwise.
With ol (as; ¢) := aY(¢) — as, we have to distinguish four cases similar to the four cases
depicted in Figure 1. Fafi, > o (¢) the quantities offered by are identical under both
pricing regimes such thakl/ = 0. The welfare implications for the remaining cases parallel
those drawn in the standard model without an alternativecgoaf input supply.

(i) Follows from the proof of Proposition 4.
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(ii) For ap < aP(¢) < a¥(ag; ¢) < ay, we havegh, = ¢4 = ¢ < ¢, = ¢” (). According
to (10), the difference in expected welfare amounts to

P (a2)
AW = (1 — o) {/¢ P(z)dz — (cy + K) [QD(%) - Qﬂ} (B.13)
Thus, AW > 0 if and only if

" (a2)
/ P(2)dz — (cg + K)G" (az) > /¢ P(2)dz — (cyg + K)o¢. (B.14)
0 0

To see that this inequality indeed is satisfied, note thafuthetion [ P(z)dz — (cy + K)q
attains its maximum af* which is implicitly characterized by’(¢*) = ¢y + K. Comparing
this last expression with the first-order condition (5) intliagely implies¢? (a;) < ¢“. Since
the function ;! P(z)dz — (cy + K)q is strictly concave iy wheneverP > 0, the result follows
from ¢ < ¢P(aw). O

Now, we prove the statement made in footnote # 24 thator: o (¢) < a; < o (ay; ¢)
AW is strictly increasing inv;. Notice that in this case we hayg, = ¢ < ¢% = ¢Y(ax) <
qh, = ¢P(as). The difference in expected welfare then is

AW = (1 — ) {/j P(2)dz — (cu + K) [¢ — " (as)] }

Y(ax)

Y(ax)

P (a2)
+ (1 — o) {/ P(z)dz — (cy + K) [P (02) — ¢ (ax)] } . (B.15)

Differentiation with respect te; yields

dAW
dOél N

_ {/j P(2)dz — (cy + K) [¢ — @U(azﬂ}

U(asx)
" (ax)

dOél

— (2= (a1 + a2)) [P(¢"(as)) = (cu + K)] . (B.16)

Note that¢p < ¢Y(ax) < ¢“, whereq” is defined in the proof of Proposition of 9(ii) and
the second inequality follows from (8). The same reasonsgndahe proof of Proposition of
9(ii) implies that— { St oy P(2)dz = (cn + K) [¢ = ¢¥(as)] } > 0. By (8) P(¢" (o)) —
(cw + K) = P'(¢"(ax))¢"(as) + 322-(cy — ¢1) > 0, and the desired result follows from
dq¥ (as)/da; < 0.

Proof of Corollary 2. Follows from Proposition 9 in combination with Propositidn n

To close the analysis, we now give a detailed account formnbat circumstanced! prefers
to serve only one type of downstream firm. Unless stated wiker the following observations
apply to both pricing regimes.
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Clearly, when serving only one type of downstream firm withtegghe highest possible
profit M could hope for would be achieved by offering the joint-sugpmaximizing quantity
q’%(c) and charging a transfer that just ensures participatiorhaytype,t = 7(¢’°(c),c) —
7(c). This observation has two immediate implication. First, doc [¢7%(cx), ¢’ (c1)] it
never pays off forM/ to serve only one type of downstream firm because, accordifgdpo-
sition 10 (iii), under the optimal contract that serves bkt types each type is offered the re-
spective joint-surplus-maximizing quantity and—with b@articipation constraints binding—
M extracts all the extra surplus generated from these hallatelationships. A second implica-
tion is that even for < ¢’(cy) it can never be optimal foi/ to exclude the low-cost type
because this type does not reject the burgé (cy;), 7(q¢”%(cx), cr) — 75+, which makes the
high-cost type just break even. Thus, fok ¢’°(cy;) the upstream supplier will always benefit
from serving both types of downstream firms instead of desgya contract that excludes the
low-cost type.

The remaining question is wheth&f might benefit from excluding the high-cost type when
¢ < ¢’%(cy). Given Assumptiorb, a high-cost firm always rejects the bundlg’®(cy),
m(q’%(cp),cr) — 7). Hence,M’s profits under pricing regime € {D,U} from serving
only typeL are given by

I}, = o [m(q"%(cr), cr) — 7 — Kq"%(c1)] (B.17)

If, on the other hand)/ serves both types of downstream firms, we know that both)(&Dd
(IRy) are binding under both pricing regimes for< ¢’(cy). With transfers being pinned
down by these constraints, the quantities offered cormespog; (o”) = ¢’%(c;) andgy, (a”)

as identified in Proposition 10. Thus/’s profits from serving both types of downstream firms
under pricing regime are

v = {m(q” (er), ) = (en — er)gp(@”) —m — Kq”™%(cr) }
+0" {m(ay(a”).cn) — 7y — Kqy (o)} (B.18)
Comparison of (B.17) and (B.18) reveals tidtprefers to serve only the low-cost type if
o' (e — ey (a") = ¢) > 0" [w(qy(a”),cr) — mfs — Kqjy(a”)] . (B.19)

Sincen(qu, cy) — Kqpg is strictly increasing iny on [0, ¢”°(cy)), under Assumption 4 there
exists a unique quantity between 0 ayid (cy;) at which the right-hand side (RHS) of (B.19)
equals zero. Let this quantity-threshold be denoted.tiyormally, ¢ is implicitly defined by

(¢, cy) —mh — Kd =0, (B.20)

As we will prove below, forp € [b, ¢’ (cy)] it never pays off forM to exclude the high-cost
downstream firm. Withp being relatively large, a low-cost downstream firm benefjtddy



Price Discrimination in Input Markets: Quantity Discourdad Private Information 36

more from procuring the input from the alternative sourceswbply than a high-cost down-
stream firm. Thus, the rents the manufacturer can extraat whietracting with a low-cost type
are relatively low. This in turn implies that cutting backioaformation rents paid to a low-cost
type is less important but contracting with a high-cost tigaeot that unimportant. Hence, it is
optimal always to contract with a high-cost downstream fior.¢ € [0, @, on the other hand,
we are closer to the standard case without an alternativelysug/hile M serves both types
of downstream firms when the probability of facing a hightdgpe is high, once” exceeds
a certain threshold)/ considers it profitable to serve only the low-cost type. Tarelterize
this threshold formally, fix some < [0, ) and consider values af" € (0,d’], whered” is
implicitly defined byq"(a") = 6. Application of the envelope theorem yields

d(117, — 1T} )

T = (cu — ) (g (") = @) + [7 (g ("), cn) — 7y — Kqiy(a”)] >0, (B.21)

where the inequality follows from the definition ofin (B.20) andj” (") > ¢ for o™ € (0, a"].
Sincell;, — I1} y|ar—0 < 0 @andIl; — II} ;|or—a- > 0, by the intermediate value theorem we

know that for anyy € [0, ¢) there exists a unique valdé(¢) € (0,&") such that
Iy, — 07 glar=arg) =0, (B.22)

which yields the desired characterization of the threshold

We summarize these observations in the following lemmagkvis illustrated for a discrimi-
natory pricing regime in Figure 4. In the light-gray shadesbeboth types of downstream firms
are served, whereas in the dark-gray shaded area the hégltype is excluded In conse-
quence, all the statements in the main text refer to the-tighy shaded area and> ¢ is a
sufficient condition for both types of downstream firms to lvesgs served.

Lemma 4. Suppose Assumptions 4 holds and that ¢”“(c;). Under either pricing regime,
the low-cost type is never excluded. Under pricing reginee{ D, U }, M does not exclude the

high-cost type if (i} € [, ¢”(cx)], or (ii) ¢ € [0,¢) anda” < a"(¢)).

Proof. We first prove part (i). First, consider the case [¢, ¢’°(cy)]. Under pricing regime

r € {D,U}, according to Proposition 10 (ii), fat” > «o"(¢) the optimal quantity to offer
when serving the high-cost type 4§ (a”) = ¢. In consequence, the left-hand side (LHS) of
(B.19) equals zero, whereas the RHS is (at least weakly) pesite., )/ does not exclude the
high-cost type. lla” < a”(¢), then—according to Proposition 10 (i)—the optimal quantiit
offer when serving a high-cost downstream firmjisa”) = ¢"(a”) > ¢. To see thal\/ prefers

to serve both types of downstream firms in this case as wgihaae that—while leaving the
guantity to a low-cost firm unchangedi-could offerqy = ¢ to a high-cost downstream firm
(instead of§" (o)) together with tariffs chosen such that ¢JRand (IG.) bind. Sincegy = ¢,

26As becomes obvious from (B.19), the threshald¢) depends on both?' andr. In order to depict the locus
of this threshold in th¢a", ¢)-space, in Figure 4 it is implicitly assumed that variationg are due to changes
of eitherr or 4}
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JS(

cr)

« Q 1 o

Figure 4:M’s decision which types to serve

(IR9) is satisfied with equality. With this contractual menu, S of (B.19) obviously equals
zero, whereas the RHS is (at least weakly) positive sihce ¢, i.e., M prefers serving both
types of downstream firms with this alternative allocati@eroserving only the low-cost type.
Clearly, M’s profits under the optimal contractual menu for servinghidgps of downstream
firms as identified in Proposition 10 (i) cannot be lower theofis under this altered allocation.
In summary, under pricing regime € {D,U}, for ¢ € [¢,q"(cy)] we havell; > IIj,
irrespective otv”, i.e., M will always serve both types of downstream firms.

Regarding part (ii) it remains to show tht prefers to serve only the low-cost type fork ¢
anda” > a". If o” € (@, a"(¢)), theng < ¢"(a”) < ¢, which implies that the LHS of (B.19)
is strictly positive whereas the RHS of (B.19) is strictly nidgg i.e., M prefers to serve only
the low-cost type of downstream firm.df > o’ (¢), theng}; (o) = ¢. Sinceg < ¢, the left-
hand side (LHS) of (B.19) equals zero, whereas the RHS islgtriepative. Thus)M prefers
to exclude the high-cost type in this case as well, whichbdistzes the desired result. n

Note that)/’s motive for not serving the high-cost type changes’amcreases: Fat” only
slightly above the threshold'(¢) the (IR!) constraint is slack under the optimal contract when
serving both firms, sd/’s incentive for excluding the high-cost type is rooted ie thesire to
cut back on the information rent paid to the low-cost typer febatively high values of\",
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on the other hand, (iR is binding under the optimal contract when serving both dirtrere,
exclusion of the high-cost type is rootedif’'s desire to avoid making losses from serving this

type.

B.2. Three-Part Wholesale Tariffs

Supposel/ cannot offer menu contracts to downstream firms and is céstiio offer three-part
wholesale tariffs. The tariff offered to downstream fiira {1, 2} is

L; + w;q forqg < g
Li(q) = : (B.23)

L; + ;G +w;(q; — q) forq> g

The tariff is designed such that one cost type operates ah#rginal wholesale priceés and
the other cost type at the marginal wholesale pficeUnder price discriminatio’; can be
different fromT', whereas under uniform pricing, = I'; = I'Y. Put differently,M chooses
{(L;, w;, w;, G;) }i=1 2 under price discrimination and., w, w, ) under uniform pricing.

Instead of solving for the parameters of the optimal thrag-wholesale tariff directly, it is
convenient to rewritd/’s problem. Note that offering a three-part tariff is equera to offering
two two-part tariffs. The three-part tariff is the lower etepe of the two two-part tariffs. The
parts of the two two-part tariffs that do not belong to theethpart tariff are dominated from
a downstream firm’s perspective and therefore are irreteviaet the two two-part tariffs be
(T;,w;) with j = L, H, whereT; denotes the lump-sum fee ang the wholesale price per
unit.

As beforer(q,¢) = [P(q) — c|q. Let the net profit of a downstream firm be

v(w+c¢) = max{mr(q,c) —wq}
q
= qw+)[P(G(w+c)) = (w+c)], (B.24)
with ¢(w + ¢) being implicitly defined by the first-order condition
P(G(w+¢)) + 4w+ c)P'(G(w+¢)) =w+c. (B.25)

Price Discrimination.—H price discrimination is permitted, the manufacturernssl two in-
dependent maximization problems. When contracting withvandtream firm that produces
at low cost with probabilityy, the optimal discriminatory three-part tariff solves tlodldwing
program:

max Oé[TL + (wL - k:)c](wL + CL)] + (1 - Oz)[TH + (wH — K)(}(UJH + CH)] (826)

Trwr,TH,wH
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subject to:
v(wg 4+ cL) =T, >0 (IRp)
v(wg +cg) —Tp 20 (IRg)
v(wg +cp) =T > v(wg +cp) —Th (ICL)
v(wy + cg) — Ty > v(wy + cy) — T (ICy)

In optimum the binding constraints areKy) and (C) which implies that the fixed fees are
given by

TH = U(IUH + CH), (827)
T, = v(wp+cp) —v(wy +cp) +v(wy + cg). (B.28)

The manufacturer’s problem can be rewritten as the follgwinconstraint maximization prob-
lem:

max afv(wg, + c) — v(wy + c) + v(wy + cy) + (wr, — K)g(wr, + cr)]

wL,WH

+ (1 = a)[v(wy + cy) + (Wi — K)q(wy + cy)], (B.29)

with ¢(w+c) being defined by (B.25). By the implicit function theorem, fr@@25) we obtain:

1
R Ry = s e sy 27 o e R (B.30)

Moreover, note that
v'(w+c¢) = —g(w + c). (B.31)

From the first-order condition of profit maximization withspect tow; we obtain
D _ H H H ~ D _ JS
wy (o) = K, which implies that ¢(w; () + c1) = q””(cz). (B.32)

Thus, also under the optimal three-part wholesale tardixadost firm obtains the joint surplus
maximizing quantity.
From the first-order condition with respectig, it follows that

wP(a) = K 4 O Qwh(e) + o) — dtwh(@) ten) o (B.33)
l—a —¢'(wi(a) + cn)

which characterizes the quantity procured by a high-cqe,y(w?h + c), if it is optimal for

the manufacturer to serve high-cost types. Note that thetguarocured by a high-cost type is

distorted downwards compared to the joint surplus maxmgizjuantity and that this distortion

is increasing im—in particular,g(wh + cg) — ¢’%(cy) for a — 0.2

27To be precise, by applying the implicit function theoreropfr(B.33) we obtain thatwh /da > 0 if Assumption
1 holds—i.e., marginal revenue downstream is concave.
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Uniform Pricing.—Using the same approach as above it is readily obtainedthats) = K
and that

as/2 g(wip(as) +cr) — Gwi(as) + cn)
1—axg/2 —¢' (WY (ax) + cx)

wh(ay) = K + > K, (B.34)
if it is optimal for the manufacturer to serve high-cost type

Thus, independent of the pricing regime, low-cost typesagbvprocure the joint surplus
maximizing quantity. Assuming that marginal downstrearereie is concave, i.e3P"(q) —
qP"(q) < 0, it is readily verified thatv? (as) < w¥(ax) < w(ay). In consequence, the
guantity procured by a high-cost firm under uniform priciedracketed by the quantities pro-
cured by high-cost types under price discrimination:

G(wip () + cg) < G(wi(as) + cg) < G(wi(as) +cr) < ¢7%(cn),

which is the equivalent to Lemma 2 from the main text.

Linear Demand.—Suppose thaP(q) = max{l — ¢,0} which implies thatj(w + ¢) =
(1 —w—c¢)andv(w + ¢) = 1(1 — w — ¢)?. The optimal per-unit wholesale price for low-
quantities, i.e., for the high-cost type, is

w}{(a):K—i-la

(CH - CL)7

with o € {ay, a5} for r = D anda = ax/2 for r = U. Thus, the quantities procured by
high-cost types are

i (@) + ) = ¢"em) - T2 i g T,
and zero otherwise.

Notice that the quantities procured by the downstream firndeuthe optimal three-part
tariffs are exactly the same as the quantities optimallgi§ed in the quantity-transfer lists we
consider in the main text. Moreover, high-cost productiakes place under a given pricing
regime for exactly the same parameter values under the altimee-part tariffs as under the
optimal quantity-transfer lists. This implies that Progios 5 also holds if the manufacturer is
restricted to offer three-part tariffs.



